With the rapid development of web-based learning environments, question-posing activities have become an important teaching and learning mode. However, this learning approach has some difficulties, one being the lack of a practical approach to assist teachers in evaluating the question-posing ability of all learners. To remedy this problem, the present study developed a system of integrating a reward mechanism into assessment activities, to measure the question-posing ability of individual students in a web-based learning environment. The system has been applied to a learning activity in a programming design course and 100 first-year college students were invited to participate in this research. After the experiment, the results showed the proposed system can serve as both a learning and an assessment tool in higher education, by encouraging students to carry out active learning, constructive criticism and knowledge sharing. A positive satisfaction is derived from the learning activities with the system under two dimensions of perceived usefulness and perceived ease of use. Most importantly, students' learning performance improved significantly.
Introduction
With the rapid development of e-learning, web-based learning activities are gaining popularity as a promising learning strategy (Potelle & Rouet, 2003; Wilson & Stacey, 2004) . Several studies have reported the benefits of such learning activities (Dewiyanti, Brand-Gruwel, Jochems & Broers, 2007; Gray, Thompson, Sheard, Clerehan & Hamilton, 2010; Kilic-Cakmak, 2010) , including the ability to improve communication and collaborative interaction, provide more learning opportunities for geographically dispersed users, encourage active learning, and enhance the learner's feedback process. Particularly, one of the most important web-based learning activities is question-posing and this method provides an instruction mode for both teaching and learning (Yu, Liu & Chan, 2005) .
Essentially, question-posing as a learning activity has long been recognised as a useful strategy to improve knowledge creation and sharing Yu et al., 2005; Denny, Hamer, Luxton-Reilly & Purchase, 2008) . Prior studies suggested engaging in the process of question-posing can help students' cognitive growth (Topping & Ehly, 2001; English, 1998) . Additionally, from theoretical perspectives such as information processing theory (Gagne, 1985; Shiffrin & Atkinson, 1969) , social construction of knowledge (King, 1989; Piaget, 1962) and social modeling theory (Bandura, 1986) , researchers have provided evidence that can help explain why question-posing learning activity would be beneficial and conducive to learning. Most importantly, challenging students to assume an active role in posing questions can promote independence in learning (Bruner, 1990; Marbach-Ad & Sokolove, 2000) .
Based on question-posing learning activities, several researchers have developed various support systems to improve the quality of teaching and learning in such learning environments, including QSIA (Rafaeli, Barak, Dan-Gur & Toch, 2004) , QPPA (Yu et al., 2005) , PeerWise (Denny et al., 2008) , and Concerto II (Hazeyama & Hirai, 2009) , and have examined practical issues that were faced when integrating the learning activity into an instructional method such as who is the main question poser (e.g., instructors or learners), who will be involved in assessment and what are the differences of scoring between assessors (e.g., self, peer and teacher), what modes of posing content are allowed (e.g., text, figure and table), and how to provide communication support (e.g., group review, asynchronous discussion forum or BBS) (Hirai & Hazeyama, 2009; Denny et al., 2009; Purchase, Hamer, Denny & Luxton-Reilly, 2010) .
Generally, most of the developed systems emphasised that these question-posing activities could be seen as social collaborative learning, which involves instructors and students creating and sharing learning resources/experiences, and encourages participants to both contribute to the learning of their peers and to value their peers' contributions. As a result, several benefits were reported according to the findings of the above research. These include the ability to: (1) develop communication, teamwork and peer and self assessment skills, (2) improve higher order cognitive processes such as evaluation, reflection and critical thinking, (3) encourage active learning, (4) foster deep learning, and (5) enhance learner's feedback process Fellenz, 2004; Rafaeli et al., 2004; Yu et al., 2005) .
Nevertheless, implementation of the learning activity is not totally without problems. For example, efforts to improve assessment processes focused mostly on self and peer assessments. However, the issue of considering the role of the teacher/expert to improve the process has attracted relatively little attention, and many students doubt their ability to provide constructive feedback and grade appropriately (Ballantyne et al., 2002) . Besides, the processes of evaluating question-posing ability are overgeneralised and simplified in many studies Yu et al., 2005; Hazeyama & Hirai, 2009 ). Measuring and understanding the learner's question-posing ability is important because it can help curriculum developers and designers provide adaptive instructions to enhance the quality of the learning process, and facilitate instructors in understanding the learning status of individual students. Most importantly, whether a correlation exists between students' question-posing ability and their cognitive ability is unclear (Dori & Herscovitz, 1999; Denny et al., 2008) . Therefore, finding ways to evaluate and improve students' question-posing ability is worth examining (Yu et al., 2005) .
A novel method of merging multi-modes of assessment and reward mechanism in a web-based learning system was examined in this study. It involved a knowledge sharing assignment where students were required to contribute question items for reflective learning and rank their peers' contributions in a way that each learner's question-posing ability can be automatically calculated. In this study, the questionposing ability is defined as the ability of students to obtain information on a learning topic by themselves using their own cognitive strategies, collaborative learning, and ideas exchanged with peers and instructor. The value of a posed question is evaluated according to the preferences of oneself, peers, and the instructor.
Purpose of the study
The aims of the present study are to develop and implement a web-based learning system, called the Question-Posing Indicators Service (QPIS) System, designed to assist teachers in evaluating the question-posing ability of individual students, and enhance the reflective thinking and quality of learning activities among the instructor, student and peers. In view of the above, this research tries to answer the following research questions:
• Is there significant improvement in learning performance after using the QPIS system? • What is the trend of quantities for different types of question-posing?
• What is the relationship between question-posing ability and cognitive ability?
• How does using the QPIS system affect learner's learning attitudes?
In the following sections, an overview of the proposed system is presented. Second, the research methodologies are described. Third, the findings for the research questions are presented. Finally, we discuss the implications of our findings for future research.
Overview of the proposed system

System architecture
The design of the QPIS system is presented in Figure 1 . The system server uses Windows Server 2003 as its operating system and Microsoft SQL Server 2005 as its database server. As can be seen, the system comprises three modules: question-posing module, tool module, and assessment module. With respect to the teacher interface, an instructor can use the assessment module (i.e., expert assessment) to evaluate students' question-posing contents.
For the student interface, students can use the question-posing module to pose a question, use the tool module to search self or peers' question-posing contents, and evaluate his/her and peers' posed contents. Finally, for the peer interface, peers can use the tool module to give critical comments and evaluate the posed questions value (i.e., peer assessment). More specifically, each module is described as follows.
Modules of the QPIS system
Question-posing module In traditional teaching, questions are privately owned and displayed by the teachers. Dillon (1990) suggested that questions should come from both teacher and students. Therefore, in this study, the function of the question-posing module is to require students who participate in the learning activity to develop questions related to the course learning contents according to their learning and reflective thinking. The idea of this function is to encourage learners to participate actively in knowledge construction from different aspects. Additionally, from a knowledge sharing perspective, students first have to develop their own knowledge and then contribute it for the benefit of others.
As shown in Figure 2 , the students were asked to select a type of question and then provide a question and its corresponding solution in the construction area. After finishing the question-posing, students were required to assess the question they had constructed (i.e., self assessment). 
Tool module
The QPIS system provides a tool module for students to search the posed question and give comments to their peers. The purpose of this function is to assist students in improving their problem-solving ability. During the learning activities, students can fully refer to the posed questions of peers.
With the search function, students can search the related authoring of question items they want from the internal database by entering some keywords (see Figure 3 ). In addition, students can also browse their peers' question of interest through selecting a specific student's ID and then the posed questions titles would be shown. When they clicked on the specific question title, the corresponding contents were presented (see Figure 3 ).
Assessment module
Online assessment is one of the key elements of the teaching and learning process (Byrnes & Ellis, 2006) . The purposes of providing the assessment module are to assist the instructor in evaluating the question-posing ability of individual students, enhance meaningful learning by implementing a question-posing learning activity, encourage interactive learning by distributing the students' posed questions and answers on the web, and facilitate self and peer assessments. In regard to how to evaluate the knowledge value for a specific posed question, the content usefulness and content richness instruments developed by Davis (1989) and Daft, Lengel & Trevino (1987) were adapted to measure this construct and support self, peer and expert assessments accordingly. Particularly, the content richness has been argued to play an important role in shared meaning and understanding (Sun & Cheng, 2007) . Generally, multimedia content could provide diverse interactive capabilities and presentations of media types (such as picture, animation and audio). Prior research suggested that multimedia content can influence learners' levels of understanding (Chen, Ghinea & Macredie, 2006) . Thus, it is expected that posed content may provide less meaning when it is only presented in text based mode, compared with multimedia content.
Regarding how to objectively evaluate the usefulness and content richness of a posed question for assessors, in this study each question created by learners is scored on a five-point Likert scale with six items (one is strongly disagree and five is strongly agree), which is represented by explicit descriptions for easy understanding instead of just a number score. The contents of the six items are: (1) "The posed question makes it easier to learn and reflect", (2) "The posed question increases my understanding", (3) "The posed question enhances the effectiveness of my learning", (4) "The posed question is only presented in text-based mode", (5) "The posed question consists of image/annotation types", and (6) "Overall, I find the posed question contains various media types (e.g., text, image, or annotation)" as shown in the bottom of Figure 3 . Note the result of item 4 needs to be reversed (i.e., ans = 6 -ans) according to the content richness, as mentioned above. An average of these items is calculated to determine the knowledge value of a specific question-posing.
Figure 3: Example of using the QPIS system to search for posed questions Further, to measure and understand the level of a learner's question-posing ability, the present study develops four sub-modules to evaluate the indicators of question-posing ability. They comprised a question type analysis agent, and self, peer and expert assessment modules, which are described as follows.
Question type analysis agent
Regarding the relationship between thinking skills and the type of question-posing, Barak and Rafaeli (2004) modified the Bloom taxonomy (Bloom, Engelhart, Furst, Hill & Krathwohl, 1956 ) as three categories: lower order thinking skills (i.e., true/false questions), intermediate order thinking skills (i.e., multiple choice questions), and higher order thinking skills (i.e., matching and short answer questions). The proposed assessment of the question type analysis agent was adopted above for evaluating students' question-posing abilities. In this study, students were required to identify which type of question-posing they created. Additionally, the instructor could encourage students to develop specific type of questions by giving a higher score in the assessment activities. Larisey (1994) indicated higher education students should be given opportunities for self-directed learning and critical reflection to mirror the world of learning beyond formal education. According to the above view, the self assessment could enable students to find their learning strengths and weaknesses (Peat, Franklin, Devlin & Charles, 2005; Oliver & Omari, 1999) . In contrast to self assessment, Williams (1992) suggested that peer assessment seems to motivate deeper learning and produces better learning outcomes. Moreover, some researchers indicated students positively value the peer assessment and it is possible to resolve a substantial number of their questions (Rosmalen et al., 2008) . In short, peer assessment intends to enhance learning through critically evaluating others' works and synthesising comments given by their peers (Yu, et al., 2005) . According to the above view, in this study the instructor encourages students to participate in both assessment activities.
Self and peer assessment modules
Expert assessment module
The expert assessment module enables teachers to evaluate the quality of questionposing by students and browse the results analysis regarding the evaluation of the question-posing ability of individual students. Additionally, Chen et al., (2009) pointed out that experts could help students improve their thinking by constructively commenting on their learning outcomes. Therefore, in this study, the instructor plays the role of expert, and also participates in evaluating learners' question-posing ability, which further improves their learning performance.
Indicators of question-posing ability
In this study, question-posing ability was calculated by a scoring mechanism according to the above assessment modules. The aim of the scoring mechanism is to assist the teacher in evaluating the question-posing ability of individual students. With reference to indicators of question-posing ability perspective, the teacher can understand precisely the posed question value of individual students. Both definitions and formulations of the proposed indicators involve various rules of evaluating posed questions in the QPIS system according to the learner's learning status, interaction, and performance (see Appendix).
In general, regarding the assigning of an item-weighted ratio of assessment modules (i.e., t w , s w and p w ) and the type of question-posing (i.e., q w ), the instructor can encourage students to pose specific types of question or prompt them to participate in a specific assessment activity by setting a higher corresponding item-weighted ratio.
Apart from the amount of question-posing, the scoring mechanism primarily depends on the weights assigned to each type of question-posing and expert, self, and peer assessments. The weights assigned can be viewed as a kind of reward mechanism. More details concerning definitions and formulations of the indicators of questionposing ability are presented in the Appendix, where the study also provides an illustrative example to explain the entire calculation process in greater detail.
Methods
Sample
The participants were 100 first year undergraduates, majoring in the Department of Information Management and taking a Basic Programming Design course. The participants were randomly divided into two groups, namely the experimental group and control group. The control group students (N=50) received a traditional teaching approach. That is, all the study sessions were conducted in a classroom equipped with personal computers and an LCD projector. The experimental group's treatment was similar to the control group's, but included the QPIS system for teaching and learning.
Experimental tools and materials
To increase the reliability of the experiment, all participants learned the same course materials, which were given by the instructor. Experimental group students were required to pose questions for reflective thinking according to their learning during and after class. The instruction tools included J2SE SDK 5.0 and UltraEdit v13.10 for students to learn and create their work. After finishing their work, learners were asked to pose questions based on their reflection in the QPIS system.
Procedures
Regarding the use of the QPIS for web-based learning, Figure 4 shows the learning activity procedures in this study. The experiment was conducted over an eight week period and executed once every two weeks for an online examination as cognitive ability grades. Actually, the online examination tested student's cognitive ability, and the final cognitive ability grade was the average of the four online examination grades on a 0-100 scale. All online examinations used 40 randomly extracted questions (i.e., true/false 25%; multiple-choice 25%; matching 25%; and short-answer 25%), constructed by the students and all stored in the QPIS system. During the eight weeks, the experimental group students used the QPIS system to develop questions related to the learning topics. In addition, the participants could assess and comment on their own and peers' questions in the QPIS system. Essentially, this process attempted to enhance the reflective and critical thinking of individual students.
Besides, in this study, we aimed to measure whether assigning a higher score for specific type of question-posing could stimulate the reflective thinking of individual students. Students were constantly encouraged by their instructor to develop higher order thinking questions (i.e., matching and short answer questions) in the third week.
Concerning the assessment activities, all questions posed by each learner were evaluated by at least five randomly assigned peers. That is, when entering the QPIS system, learners will find the system randomly assigning peer IDs for them to evaluate. For self assessment, learners began by conducting a self assessment when they posed a question. By evaluating learners' posed questions from the assessment modules, the QPIS system will automatically calculate the indicators of questionposing ability of the individual students.
After eight weeks, the experimental group students were asked to fill out a feedback questionnaire for measuring their attitudes towards the use of the QPIS system. A post-test of learning performance and knowledge of the course was conducted for both the experimental and control groups. System logs and question-posing content were also extracted for analysis. 
Data analysis and results
This section consists of four parts. Each part relates to a certain research question and presents data for its answer.
The changes in the students' pre-and post-test scores between groups
In this research, the pre-test scores represent the entry behaviour of learning, and the post-test scores represent the learning effects. Before the experiment, to measure if there was a difference between the groups in terms of learners' prior knowledge of Basic Programming Design concepts, an independent sample t-test was conducted for the pre-test scores. The result indicated no significant difference was found between the groups (t = 0.32, p = 0.75 > 0.05), implying the participants of both groups did not differ in their initial prior knowledge.
After learning for an eight week period, the study administrated a post-test to examine whether there was difference for each group. As shown in Table 1 and Table 2 , both groups showed significant differences in paired t-test. These imply both teaching strategies assisted students in learning.
Moreover, the study attempted to further examine whether the experimental group could really enhance the students' learning performance more than the control group. The analysis results revealed there was a significant difference in post-test performance between the two groups (t = 4.169, p < 0.05). In other words, this result indicated the QPIS system would benefit students more. 
Analysis of different types of question-posing
As shown in Figure 5 , this study analysed the system logs of learners' type of questionposing for eight weeks. The results showed the types of posed questions were generally "true/false" and multiple choice in the first to third week. This trend may imply, in the beginning, learners were not familiar with the course content and the initial reflective thinking was insufficient. To measure whether assigning a higher score for specific types of question-posing could stimulate the reflective thinking of individual students, the instructor tried to provide higher scores in encouraging students to develop more higher order thinking questions (i.e., matching and short answer). Interestingly, the result indicated an increasing amount of matching and short answer questions after the third week. This change may indicate instructors can enhance students' reflective thinking by providing more encouragement and rewards. Additionally, by using the QPIS system, students have more opportunities to interact with peers and the instructor. After more reflective thinking and peer viewing, students had more foundational knowledge to support the question-posing learning activities. On the whole, there was increased question-posing for higher order thinking among learners after using the QPIS system.
The relationship between question-posing ability and cognitive ability
The third research question was: What is the relationship between question-posing ability and cognitive ability? Table 3 presents a descriptive analysis of the indicators of question-posing ability and cognitive ability grades.
When using the QPIS system, repeated self, peer and expert assessments ultimately determined the students' indicators of question-posing ability. In this study, the relationship between the students' indicators of question-posing ability and their cognitive ability grades is of central interest. A linear regression analysis was performed to examine whether the indicators of question-posing ability predicted the cognitive ability grades. The indicators of question-posing ability were defined as the independent variable and the cognitive ability grades were defined as the dependent variable. The statistical analysis showed a significant relationship (β = 0.68, p < 0.01). This result may imply with the QPIS system (1) the students who performed well on their question creation and sharing, had greater success in their cognitive ability grades compared to their counter peers, and (2) the students could reflect on comprehensive thinking by themselves using their own cognitive strategies, collaborative learning, and ideas exchanged with peers and the instructor. 
Questionnaire analysis
Reliability and validity of the questionnaire To analyse the students' attitudes toward using the QPIS system, a Likert style fivepoint (Strongly agree, Agree, Undecided, Disagree, Strongly disagree) questionnaire was conducted. The perceived usefulness and ease of use were measured by seven and five items, respectively, adopted following the recommendation of Davis (1989) . Our study utilised Cronbach's alpha to evaluate the internal consistency of each dimension of the questionnaire. The Cronbach's alpha values for two attitudes were 0.89 and 0.91, respectively. These values show the high reliability of the measurement. Regarding the validity of the questionnaire, prior studies (Sun & Cheng, 2007; Lee, 2010; Wu, et al., 2010) have demonstrated the validity of the adopted instruments of this study.
Results of questionnaire analysis
For the perceived usefulness listed in Table 4 , on average, students reported moderate learning attitudes toward the usefulness of QPIS system. They indicated the use of QPIS saved time and allowed tasks to be completed more quickly. When asked about the learning aspect of QPIS system, students agreed with the statement that using QPIS enhanced their effectiveness in question-posing; they also agreed that using QPIS improved the quality of question-posing. Regarding the perception of peer assessments, students strongly agreed that peers evaluated fairly the posed questions. Regarding the perceived ease of use (see Table 5 ), students noted they were rarely confused and rarely made errors when using the QPIS system. Overall, they thought the QPIS system was easy to use. 
Discussion
With the advent of networking and multimedia technologies, the emphasis on webbased education for supporting student learning has been a focus of contemporary education (Yu, et al., 2005) . The present study developed the QPIS system to be applied in a web-based learning environment and to assist teachers in evaluating and understanding the individual's question-posing ability.
Particularly, the proposed system appeared to cultivate a motivating learning environment by including various aspects of motivation, such as knowledge sharing, multi-modes of assessment activities, and providing various rewards. Also, this study provided evidence consistent with prior research , that question-posing and assessment modules can serve as both learning and assessment tools in higher education, by encouraging students to carry out active learning, constructive criticism and knowledge sharing.
To obtain a fair assessment and assist the instructors to understand learners' questionposing ability, in contrast to previous research Yu et al., 2005; Denny et al., 2008) , in this study self, peer and expert assessments were considered simultaneously. Besides, this study integrated a reward mechanism into assessment activities, not only to arouse students' learning motivation, but also to develop a method to evaluate learner's question-posing ability. By scoring the learner's contribution of question-posing from the assessment modules, the QPIS system can automatically calculate the indicators of question-posing of individual students. These indicators can assist teachers to understand learner's learning status, interaction, and performance.
Research on types of question has traditionally distinguished between general or highlevel questions and specific or low-level questions (Hamilton, 1985) . In addition, several studies have found high level questions are more beneficial than low level questions for students' knowledge development (Andre, 1979; .
Generally, the composed true/false question was easier for most students. In contrast, the matching and short-answer questions could be seen as higher-order thinking level questions . Following the experiment, the results indicated a growing trend of posed questions in terms of higher-order thinking would gradually increase while using the QPIS system. In other words, students could compose more matching and short-answer questions than other types of question.
This study aimed to discover whether a learner's question-posing ability could be used effectively as an alternative evaluation tool for assessing learning outcomes. Based on our findings, students can improve their learning performance while using the QPIS system. Further, regarding the relationship between the learner's question-posing ability and cognitive ability, the result showed a greater question-posing ability can predict a higher cognitive ability of individual students. This finding is useful for both instructor and students in understanding learning status instantly.
Finally, the result of the questionnaire survey showed there are positive attitudes toward using the QPIS system as a question-posing learning environment. Although most students agreed on the perceived usefulness and ease of use of the proposed system, it still left a few students dissatisfied. A few students noted that using the QPIS system with question-posing took time and was not an easy task. The problem might be improved by providing a more user friendly interface and more rewards as incentives. Compared to Yu's, et al. (2005) result, indicating younger learners felt the question-posing learning activity was difficult, our study found undergraduate students enjoyed the learning activity and thought it can help their learning. One possible reason could be that the good qualities of question-posing require more reflective thinking and mature ideals, but younger learners do not have fully developed knowledge and ideals.
Conclusion
There are several important implications for practice. First, a better understanding of the indicators of learners' question-posing ability can enable instructors to promptly adapt their teaching strategies and materials, and provide appropriate support when needed. Second, the instructor might encourage students to develop specific type of question by setting a higher corresponding item-weighted ratio for the assessment activities. Third, students can follow the steps including prompting questions, answering questions, and viewing references to enhance knowledge and reflect on their learning. Further, we believe this research can provide valuable insights for teachers and researchers in terms of the strategy of question-posing in a web-based learning.
This study has some limitations. First, the experiment results were only from one course, more different courses could be considered. Second, learners' learning style was not measured. However, this limitation may lead to different degrees of learners' learning outcomes in the question-posing learning activity. Whether different learning styles will affect question-posing ability is unclear. Finally, it would be very interesting to explore deeper the affective impact of different reward strategies and its influence on the learners' motivation to participate. This issue is unclear and it might be another direction for future work. 
Example
Assume the weights of the three assessment modules and question types were assigned by the instructor as shown in Table 6 and Table 7 , respectively. A summary of a learner's question-posing is presented in Table 8 . • × 
